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REFERENCE  LIST  ON  THE  ELECTRIC  FIXATION  OF  ATMOS- 
PHERIC NITROGEN  AND  THE  USE  OF  CALCIUM  CYANAMID 
AND  CALCIUM  NITRATE  ON  SOILS. 


INTRODUCTION. 


For  many  years  it  has  been,  the  aim  of  inventors  to  devise  means 
of  utilizing  the  vast  store  of  nitrogen  in  the  atmosphere.  Two  practi- 
cal motives  have  been  operative: 

First,  the  enormous  development  of  engineering  and  structural 
work  calls  for  a  largely  increased  manufacture  of  high  explosives  at 
a  moderate  price.  Incidentally  the  modern  art  of  war  calls  for  ex- 
plosives of  high  power  in  no  mean  amount.  For  these  purposes 
oxidized  nitrogen  in  some  suitable  carrier  seems  to  be  accepted  as 
the  most  practical  basic  agent. 

Second,  the  more  or  less  rapid  development  of  intensive  methods 
of  agriculture  throughout  civilized  lands  warns  us  that  a  reliable 
supply  of  nitrogenous  soil  amendments  or  fertilizers  must  be  found. 
Up  to  the  present  our  main  supplies  of  nitrogenous  fertilizers  have 
been  natural  deposits  of  niter  (principally  Chilean  saltpeter),  am- 
moniacal  waste  liquors  of  gas  works  and  coke  ovens  (ammonium 
sulphate),  animal  refuse  and  slaughterhouse  products,  such  as  tank- 
age, animal  manures  including  night-soil,  and  green  manures  of 
leguminous  and  other  crops.  None  of  these  has  yet  been  exploited 
to  its  full  limit,  and  to  predicate  the  adequacy  of  any  or  all  of  them 
for  the  future  is  to  speculate  aimlessly,  for  there  are  not  sufficient 
data  to  justify  confidently  any  computations.  The  fact  remains, 
nevertheless,  that  experience  is  showing  so  high  a  cost  for  nitrogen 
in  the  common  available  fertilizers,  many  of  which  also  present  un- 
desirable features  in  their  handling,  that  new  nitrogenous  fertilizers 
are  desirable. 

The  desire  to  obtain  a  cheap  and  inexhaustible  supply  of  nitric  acid, 
primarily  for  the  manufacture  of  high  explosives,  and  secondarily 
to  augment  the  world's  supply  of  available  nitrogenous  fertilizers, 
has  led  within  the  last  decade  to  the  commercial  production  of  two 
substances  well  suited  to  the  latter  end.  These  are  basic  calcium 
nitrate  and  calcium  cyanamid.  Both  have  been  repeatedly  tested 
as  practical  fertilizers,  and  in  both  cases  favorable  and  unfavorable 
results  are  on  record,  as  is  true  of  any  fertilizers.  On  the  whole, 
however,  they  seem  to  have  won  a  definite  recognition  as  valuable 
fertilizers.     A  large  and  increasing  number  of  inquiries  is  reaching  this 

[Bull.  63]  7 


8  ELECTEIC    FIXATION    OF   ATMOSPHERIC    NITROGEN,   ETC. 

office  for  information  concerning  these  substances,  from  laymen  and! 
agricultural  experts  alike.  While  the  department  is  not  prepared' 
at  this  time  to  announce  any  experimental  results  of  its  own,  it  seems  i 
desirable  to  meet  these  inquiries  with  at  least  a  brief  explanatory! 
statement  as  to  these  substances,  and  with  the  references  to  the  exist-! 
ing  literature  concerning  them. 

The  manufacture  of  these  products  on  a  commercial  scale  depends 
on  an  ample  and  cheap  supply  of  lime  or  limestone  and  on  a  cheap! 
source  of  power,  for  both  require  the  employment  of  high-power  elec- 
tric current.  The  first  condition  can  be  met  with  relative  ease.  The 
second  is  really  the  limiting  condition  for  economic  production.  Sol 
far  cheap  water  powers  have  almost  exclusively  claimed  considera-j 
tion,  but  as  cheap  water  powers  in  accessible  localities  are  rapidly 
disappearing,  there  appears  to  be  a  tendency  to  consider  the  possi- 
bilities of  " producer  gas"  where  it  is  developed  in  sufficiently  large 
and  continuous  quantities  in  connection  with  some  other  industry,! 
as  for  instance  in  large  steel  works. 

The  first  important  commercial  production  of  nitric  acid  from 
atmospheric  nitrogen  was  at  Niagara  Falls,  by  the  Bradley -Lovejoy 
process.  Essentially  the  process  consisted  in  passing  air,  or  air  some-i 
what  enriched  wTith  oxygen,  through  a  rapidly  alternating  high-ten- 
sion electric  spark.  Fortunately  for  the  stability  of  our  atmosphere, 
the  " kindling  temperature"  of  nitrogen  is  very  high,  else  a  thunder- 
storm might  destroy  the  world.  With  the  sparks  obtained  by  the 
Bradley-Lovejoy  method,  some  oxidation  of  nitrogen  was  secured, 
and  by  absorbing  the  burned  or  sparked  air  in  water  nitric  acid  was 
obtained.  The  life  of  this  factory  was,  however,  brief.  About  the 
same  time  the  Birkeland-Eyde  process  was  developed  at  Notodden, 
in  Norway,  where  a  much  cheaper  water  power  and  large  supplies  of 
limestone  were  available.  This  process  differed  from  that  of  Bradley 
and  Lovejoy  in  that  the  electric  spark  was  spread  out  by  being  de- 
veloped between  powerful  magnets,  thus  giving  a  much  larger  surface 
of  action  upon  the  current  of  air  which  was  forced  through  the  spark. 
The  sparked  air  was  then  absorbed  in  water  by  means  of  towers  simi- 
lar to  the  ordinary  Gay-Lussac  towers  of  the  sulphuric-acid  factory. 
In  this  way  a  low  per  cent  nitric  acid  could  be  manufactured  under 
exceptionally  favorable  circumstances.  But  it  was  soon  found  advisa- 
ble, from  a  commercial  point  of  view,  to  absorb  this  acid  in  an  excess 
of  lime  or  lime  water,  thus  producing  a  mixture  of  lime  and  lime 
nitrates  and  nitrites,  of  which  the  principal  component  seems  to  be 
the  definite  compound 

2CaO  N205  3^H20 

a  true  basic  lime  nitrate.  This  substance  soon  found  favor  as  a 
nitrogenous  fertilizer,  especially  in  northern  Germany,  and  practi- 
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cally  all  the  product  of  the  Notodden  factory  has  gone  to  that  locality 

(for  fertilizer  purposes,  although  it  is  generally  understood  that  it  was 
the  intention  of  the  operators  in  Notodden  to  develop  the  method  to 
the  point  where  a  concentrated  nitric  acid  could  be  commercially 
prepared  for  the  manufacture  of  high  explosives. 

Still  more  recently  another  method  has  been  developed  for  the  pro- 
duction of  nitric  acid  by  the  oxidation  of  nitrogen,  this  method  being 
controlled  by  the  well-known  manufacturers,  the  Badische  Anilin- 
und  Soda-Fabrik.  In  this  process  a  continuous  arc  is  produced  in 
a  long  tube  by  first  bringing  electrodes  together  and  then  gradually 
moving  one  of  them  along  the  tube  while  the  other  remains  fixed  at 
one  end  of  the  tube.  The  current  of  air  instead  of  being  passed 
through  this  arc  is  passed  around  it  through  the  tube  by  being 
forced  in  at  an  angle  to  the  main  axis  of  the  tube.  It  is  said  that  the 
arcs  used  in  this  process  vary  from  30  to  50  feet  or  more  in  length, 
and  are  maintained  continuously  for  daj-s  or  even  months  at  a 
time.  The  gases  passing  from  the  tube  are  absorbed  in  water 
and  give  a  much  higher  concentration  than  those  produced  by  the 
Birkeland-Eyde  process,  some  of  the  statements  appearing  in  the 
current  descriptions  claiming  that  an  acid  as  high  as  30  per  cent 
is  formed. 

Another  method  for  producing  nitric  acid  by  the  burning  of  air 
which  has  been  attracting  some  attention  recently,  and  which  appears 
to  contain  great  promise,  is  that  known  as  the  Rankin  process.  The 
peculiar  features  claimed  for  this  method  are  that  they  use  a  "fat" 
spark  produced  by  a  current  of  far  lower  tension  than  that  employed 
in  the  Bradley -Love  joy  or  the  Birkeland-Eyde  processes,  and  employ 
electrodes  of  peculiar  construction,  the  cathode  being  a  hollow  iron 
contrivance  through  the  interior  of  which  is  passed  continuously  a 
current  of  cold  water,  while  the  anode  is  a  substance  of  secret  compo- 
sition which  is  said  to  ionize  the  air  particles  as  they  approach  the 
spark.  The  claim  is  made  for  this  process  that  the  solution  obtained 
by  absorbing  the  gases  in  w^ater  passed  through  a  specially  constructed 
cooling  device  is  a  nitric-acid  solution  of  a  considerably  higher  con- 
centration than  that  produced  by  the  other  processes.  It  is  not  pos- 
sible at  present  to  state  how  far  the  Rankin  method  has  become  a 
commercial  one,  as  in  many  of  its  details  it  is  what  is  known  as  a 
secret  process,  and  the  operations  of  the  company  controlling  it  are 
not  accessible  to  the  public.  It  can  be  stated,  however,  that  market- 
able quantities  of  high-grade  nitric  acid  have  been  produced  by 
this  process,  and  that  it,  like  the  others  described  above,  is  mainly 
dependent  upon,  the  procurement  of  cheap  power. 

An  interesting  feature  of  the  work  of  this  company  is  that  they  at 
one  time  proposed  to  utilize  their  acid  in  the  manufacture  of  super- 
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phosphate,  which  would,  of  course,  contain  basic  calcium  nitrate 
instead  of  gypsum. 

Lime  nitrogen  or  calcium  cyanamid  utilizes  the  atmospheric  nitro-l 
gen  in  a  manner  which,  chemically  at  least,  is  distinctly  different  from| 
the  processes  described  above.  Calcium  carbide  is  made  by  heating 
in  an  electric  furnace  a  mixture  of  lime  and  carbon,  or  some  highly 
carbonaceous  matter,  such  as  coke  screenings,  tarry  residues,  etc.  If, 
now,  the  process  is  carried  further  in  an  electric  furnace  of  special 
construction,  and  a  current  of  nitrogen  or  air  rich  in  nitrogen  is  passed 
over  the  highly  heated  carbide,  a  chemical  reaction  takes  place.  If 
the  heat  be  sufficiently  high  and  prolonged,  calcium  cyanide  is  formed, 

Ca(CN)2 

but  if  a  somewhat  lower  temperature  be  maintained,  the  product  is 
mainly  calcium  cyanamid. 

CX2Ca. 

The  calcium  cyanide  is  a  valuable  starting  point  for  the  production  of 
compounds.  Calcium  cyanamid  finds  a  number  of  uses  in  chemical 
industry;  as,  for  instance,  a  starting  point  in  the  production  of  gua- 
nadin  derivatives,  use  in  case-hardening  steel,  etc.,  but  it  is  mainly 
used  as  a  fertilizer.  It  has  been  claimed  as  an  advantage  to  the 
process  that  Messrs.  Frank  and  Caro,  the  original  inventors,  have 
further  devised  a  scheme  for  producing  nitric  acid,  starting  with 
cyanamid  as  the  raw  product  and  employing  a  contact  method, 
but  so  far  the  details  of  the  process  have  not  been  made  public, 
and  it  does  not  as  yet  seem  to  have  been  employed  in  a  commer- 
cial way. 

What  takes  place  when  calcium  cyanamid  is  added  to  the  soil  has 
not  }^et  been  definitely  settled.  The  raw  substance  appears  to  be 
toxic  to  most  of  our  common  crop  plants,  but  it  more  or  less  quickly 
undergoes  decomposition  and  changes  in  the  soil,  probably  with  the 
production  of  nitric  acid  through  bacterial  and  other  activities,  and 
thus  becomes  available  to  the  plants.  It  should  be  observed,  there- 
fore, that  calcium  cyanamid  is  not  to  be  regarded  as  a  substitute  for 
or  as  playing  the  same  role  in  the  soil  as  sodium  nitrate,  but  rather  as 
simulating  the  ammoniacal  salts,  tankage,  etc.  Its  advantages  over 
these  substances  as  fertilizer  are  its  cheapness,  ease  of  handling,  stor- 
age, and  generally  better  mechanical  properties.  In  these  respects 
it  seems  to  have  a  distinct  advantage  over  the  basic  calcium  nitrate 
produced  by  the  various  processes  of  oxidation  of  nitrogen,  for  the 
latter  is  a  markedly  hygroscopic  substance,  the  handling  thereof 
and  the  selection  of  proper  containers  therefor  being  important 
problems  in  its  commercial  exploitation. 
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SELECTION    OF    REFERENCES. 

In  the  following  list  of  references  and  patents  relating  to  electric 

fixation  of  atmospheric  nitrogen  and  the  use  of  calcium  cyanamid  in 
agriculture  no  attempt  has  been  made  at  absolute  completeness,  as 
the  exceedingly  large  number  of  unimportant  articles  in  periodicals 
of  the  narrowest  local  circulation  makes  completeness  not  only  prac- 
tically impossible,  but  also,  because  of  the  resulting  bulk,  quite  unde- 
sirable. What  is  attempted  is  to  bring  together,  roughly  classified, 
not  only  all  the  most  important  articles  on  all  the  branches  of  the 
subject,  but  also  as  many  references  as  could  possibly  be  verified,  so 
that  anyone  having  access  to  any  collection  of  scientific  or  popular 
literature,  no  matter  how  small,  wiU  find  some  articles  that  are 
accessible  to  him.  Many  references  have  been  included  without 
verification  where  the  information  was  sufficiently  complete  in  regard 
to  them.  Most  writers  and  reviewers,  however,  in  making  refer- 
ences either  translate  or  omit  titles  altogether,  or  give  them  only  in 
brief,  and  give  only  date  of  publication  or  page  reference  instead  of 
full  and  exact  volume,  page  and  date  statistics.  For  this  reason  many 
articles  which  could  not  be  seen  in  the  libraries  of  Washington 
have  of  necessity  been  omitted. 

The  form  of  reference  is  that  now  generally  used:  author,  title  in 
full  without  abbreviation,  standard  abbreviation  for  the  title  of  the 
periodical,  and  in  the  following  order;  series  number  in  parentheses, 
volume  number  in  heavy-faced  type,  colon,  followed  by  the  inclu- 
sive pages  of  the  article  with  its  discussion,  closing  with  the  date  of 
publication  in  parentheses.  Where  volume  numbers  are  not  used  the 
year  is  given  in  heavy-faced  type,  and  in  case  of  annuals,  reports,  etc., 
reading  ''for  the  year ,"  the  date  of  the  volume  is  given  in  paren- 
theses rather  than  the  usually  later  date  of  publication.  In  some 
cases,  however,  the  latter  is  also  appended.  "Part"  or  "Abtheilung" 
is  expressed  in  Roman  notation.  The  abbreviations  for  the  titles  of 
journals  used  in  the  International  Catalogue  of  Scientific  Literature" 
have  been  found  in  many  cases  either  too  cumbrous  or  not  sufficiently 
clear,  so  that  a  system  of  our  own  has  been  employed. 

The  titles  are  arranged  chronologically  under  authors'  names,  and 
those  in  languages  other  than  western  European  are  given  in  trans- 
lation into  some  one  of  these  languages,  preferably  the  one  in  which 
an  abstract  is  published,  either  with  the  article  or  in  the  place 
cited  in  the  list.  Articles  signed  with  a  pseudonym  or  with  initials 
are  arranged  under  these,  while  anonymous  articles  are  given  under 
the  titles  with  references  from  the  name  of  the  periodical  in  which 
'they  are  published.  This  form  of  entry  seems  preferable  to  that  of 
[the  International  Catalogue,  which  lists  such  articles  only  in  its  sub- 
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ject  catalogues.     The  location  of  abstracts  and  reviews  is  given  as 
fully  as  "convenient  and  in  the  usual  form. 

The  patents  listed  under  that  heading  are  the  most  important  ones  || 
relating  to  the  subject.  As  the  same  subjects  are  covered  by  other  i] 
more  easily  accessible  patents  of  England,  Germany,  France,  and  the  '  j 
United  States,  many  of  the  patents  of  the  lesser  European  countries  i| 
have  been  omitted,  but  only  when  it  has  been  impossible  to  verify  j  j 
the  subject,  number,  etc.,  of  the  patent.  The  arrangement  is  alpha-  I] 
betical  under  the  names  of  the  patentees,  with  a  secondary  arrange-  I 
ment  under  each  patentee,  first  alphabetically  by  the  country  of  issue  || 
and  then  numerically  under  each  country. 

As  no  title  is  duplicated  in  the  list,  the  classification  which  follows  j 
must  necessarily  be  merely  suggestive. 

SCHEME    OF    CLASSIFICATION. 

Page. 
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Beets 85 

Cereals 87 

Flax 88 

Hops 88 

Olives 88 

Potatoes 88 

Tobacco 88 

Turnips 88 
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